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As in all eukaryotic cells, the yeast cell cycle is moni-Ac‘septin’ a Signal:
tored by checkpoints that convey information about cellKinase Regulation by Septins status to cyclin-dependent protein kinases (CDKs), mas-
ter regulators of cell division. The morphogenesis/size
checkpoint in budding yeast induces a mitotic delay in
the presence of cell shape perturbations. When bud siteBudding yeast monitor shape and the assembly of
assembly is disrupted, cell cycle progression is arrestedcytoskeletal structures and convey this information to
at the G2/M transition by inhibitory phosphorylation onregulators of cell division, but the molecular mecha-
Tyr19 of the CDK Cdc28 by Swe1, the budding yeastnisms responsible for monitoring and interpreting spa-
version of the conserved Wee1 kinase in other eukary-tial information about the cytoskeleton remain poorly
otes (Lew and Reed, 1995). This mitotic delay involvesunderstood. A paper in the September issue of Molec-
sensing by cytoskeletal elements and other factors thatular Cell shows that direct binding of components of
affect cell size and shape, transduction by intermediarythe septin cytoskeleton may relieve autoinhibition of
signaling molecules, and activation of the effector ki-a conserved checkpoint kinase, creating a simple mo-
nase Swe1. Spatial information for downstream trans-
lecular device for sensing septin cytoskeleton organi-
ducers appears to emerge from the septin cytoskeleton
zation. but exactly how the sensory information is conveyed
has remained obscure. In fact, how cytoskeletal assem-
Septins are a family of evolutionarily conserved GTP bly and organization are monitored and coupled to other
binding proteins that were discovered over three de- cellular events remains an important frontier in cell
cades ago in budding yeast in screens for mutants that biology.
showed a characteristic cell cycle arrest phenotype. Recent advances using the genetically accessible
Subsequent genetic and cell biological scrutiny revealed budding yeast system have implicated members of an-
that septins form a unique cytoskeletal substructure that other family of conserved kinases as direct monitors of
localizes with the cleavage apparatus in yeast and ani- septin assembly. The budding yeast has three Nim1-
mal cells and is required for cytokinesis (for reviews, related kinases called Hsl1, Kcc4, and Gin4 that appear
see Field and Kellogg, 1999; Gladfelter et al., 2001). to act in a conserved signaling module to impart spatial
Septins are not only found at cell division sites but are information to Swe1. A recent paper from the Lew group
often localized to sites on the cell cortex that are des- has proposed that the Nim1-related kinase Hsl1 may
tined for spatial reorganization, consistent with a broad act as a monitor for bud emergence in the yeast morpho-
role in regulating polarized growth and cell morphogene- genesis checkpoint (Theesfeld et al., 2003). They
sis; for example, the septins form a ring-like structure showed that activation of Hsl1 is dependent upon its
at the incipient bud site in yeast and can be found in recruitment to a cortical domain organized by the sep-
actin-rich regions of the cortex in fibroblasts. From these tins and that Hsl1 hyperphosphorylation and recruitment
strategic positions on the yeast cell cortex, the septins of the Hsl1 binding protein Hsl7 to the septin cortex only
appear to serve as molecular scaffolds for assembling occurs after bud emergence. This is consistent with
key signaling modules that orchestrate coordination of previous observations that Hsl1 kinase is inactive in
bud morphogenesis, cytokinesis, and bud site selection mutants that do not form the septin cytoskeleton, indi-
cating that septins are required for Hsl1 function in vivowith cell cycle progression.
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Figure 1. Model for Septin Signaling and Hsl1 Activation in Budding Yeast
(A) Septins (blue circles) are recruited and assembled into a ring during G1 phase of the cell cycle. Prior to bud emergence, the Hsl1 kinase
is in an inactive conformation when the C-terminal inhibitory domain (ID) is bound to the N-terminal kinase domain. Upon binding of assembled
septins (Cdc11, Cdc12, etc.) to distinct septin binding domains (BD) of Hsl1 (orange, green, and yellow boxes), the autoinhibition imposed
by the ID is relieved and the kinase domain of Hsl1 becomes active. Hsl1 recruitment to the septin cytoskeleton is required for binding of
Hsl7, which is an in vivo substrate for Hsl1 kinase activity. Hsl7 recruitment by Hsl1 is necessary for targeting the cell cycle inhibitory kinase
Swe1 to the bud neck, where it is thought to be degraded.
(B) In G1 phase of the cell cycle, septins (blue) are recruited to a cap at the incipient bud site and assembled into a ring. Septins are in a
dynamic or fluid state during these processes. Subsequently, septin rings are stabilized or frozen and hourglass expansion occurs as the bud
emerges. It is not clear whether Hsl1 (red) binds to assembled rings that are fluid or requires ring stabilization. It is clear that Hsl1 is maintained
on the bud side of the septin cytoskeleton through an unknown mechanism.
(Barral et al., 1999). Hsl1 recruitment of Hsl7 is important Hsl1 suppressed the dramatic elongated and branched
cell morphology of a septin mutant, consistent with acti-for targeting Swe1 to the bud neck where it is thought
to be degraded, allowing activation of mitotic CDKs and vation of Hsl1 kinase activity. The combined in vivo and
in vitro evidence places Hsl1 firmly in the company ofcell cycle progression (Theesfeld et al., 2003 and refer-
ences therein). The failure to recruit and activate Hsl1 many other kinases that are autoregulated by regions
in their noncatalytic domain.due to a defective morphogenetic site means Swe1 per-
sists to inhibit mitotic CDKs. These observations sug- Additional biochemical and genetic experiments sug-
gest a direct connection between septins and Hsl1 auto-gest a model whereby sensing of the septin cytoskeleton
may be monitored directly by Hsl1. regulation in vivo (Hanrahan and Snyder, 2003). First,
several binding domains for two yeast septins, Cdc11Now Hanrahan and Snyder have provided direct sup-
port for this model (Hanrahan and Snyder, 2003). They and Cdc12, were mapped to the noncatalytic domain
of Hsl1; the septin binding regions were either in or nearused a panel of Hsl1 fragments in two-hybrid, coimmu-
noprecipitation and kinase assays to identify a portion of the kinase inhibitory domain of Hsl1. Second, mutant
versions of Hsl1 lacking septin binding domains showedthe C-terminal noncatalytic domain of Hsl1 that interacts
with the kinase domain and can inhibit Hsl1 kinase activ- an elongated cell phenotype consistent with Hsl1 inhibi-
tion or showed a defect in Hsl1 localization to the budity in vitro. In a satisfying in vivo substantiation of these
results, the authors found that overexpression of the neck. Finally, Hsl1 kinase that was inhibited in vitro by
the addition of the C-terminal Hsl1 fragment was sub-precise region of Hsl1 that inhibited the kinase domain
in vitro caused an elongated cell morphology reminis- stantially activated by addition of purified Cdc11 or
Cdc12 septins. Together, these results suggest a simplecent of an hsl1 deletion mutant in vivo. In a reciprocal
experiment, removal of the kinase-inhibitory region of molecular model for monitoring septin assembly. Upon
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bud formation, septin binding to the inhibitory domain of cell cycle regulation in animal cells has been identified,
but given that Nim1-related kinases are present in mam-Hsl1 liberates the catalytic domain from autoinhibition,
thus activating the kinase. Active Hsl1 is then free to mals, a mechanism analogous to the checkpoint path-
ways involving Hsl1 in budding yeast may link septinrecruit Hsl7 and Swe1, thus signaling proper assembly
of the septin ring and allowing cell cycle progression organization to mitosis. Perturbation of this mecha-
nism—such as through the documented fusion of septin(Figure 1A).
Many additional questions are raised by the current genes to oncogenes (Kartmann and Roth, 2001)—may
lead to oncogenesis and other aberrations of cell divi-findings of Hanrahan and Snyder. For example, is Hsl1
activation dependent on a specific septin state during sion. Dissection of the septins and their regulators in
yeast continues to set the stage for understanding orga-bud emergence? Sophisticated cell biological approaches
have led to the discovery that septins can exist in dy- nization and regulation of this important family of pro-
teins at the molecular level.namic (fluid) and stable (frozen) states (Caviston et al.,
2003; Dobbelaere et al., 2003; Longtine and Bi, 2003).
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state; this model predicts that only an intact and stabi-
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Caviston, J.P., Longtine, M.S., Pringle, J., and Bi, E. (2003). Mol.1B). Another important issue to resolve is whether or not
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Hsl1 directly phosphorylates Swe1 in vivo, constituting a 04-0247
conserved signaling module, as seen in fission yeast Dobbelaere, J., Gentry, M.S., Hallberg, R.L., and Barral, Y. (2003).
with Nim1/Cdr1 and Wee1. On a more general note, the Dev. Cell 4, 345–357.
bud neck appears to be awash in kinases and phospha- Field, C.M., and Kellogg, D. (1999). Trends Cell Biol. 9, 387–394.
tases; how is this hot bed of signaling organized into Gladfelter, A.S., Pringle, J.R., and Lew, D.J. (2001). Curr. Opin. Micro-
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Although septins were originally identified as a protein Hanrahan, J., and Snyder, M. (2003). Mol. Cell 12, 663–673.
family involved in cytokinesis in yeast, they clearly have Kartmann, B., and Roth, D. (2001). J. Cell Sci. 114, 839–844.
diverse roles in eukaryotic cells. Recent advances in Lew, D.J., and Reed, S.I. (1995). J. Cell Biol. 129, 739–749.
mammalian systems have implicated septins in vesicle Longtine, M.S., and Bi, E. (2003). Trends Cell Biol. 13, 403–409.
trafficking and possibly oncogenesis (Kartmann and Theesfeld, C.L., Zyla, T.R., Bardes, E.G.S., and Lew, D.J. (2003).
Mol. Biol. Cell 14, 3280–3291.Roth, 2001). So far, no connection between septins and
is crucial for synaptic vesicle recycling. Major compo-AP-2 Makes Room for Rivals
nents of clathrin coats assembled at the plasma mem-
brane are clathrin and the adaptor protein complex
(AP-2). Clathrin is composed of three heavy and three
light chains, and AP-2 is a tetramer consisting of , 2,2,
and subunits. Based on current models, coat assemblyClathrin and the adaptor protein complex (AP-2) con-
starts with the recruitment and oligomerization of AP-2stitute the major coat components of clathrin-coated
at the plasma membrane, and is followed by the recruit-vesicles. In the September issues of the Journal of
ment of clathrin, whose assembly drives formation ofCell Biology and the Journal of Biological Chemistry,
coated pits and coated vesicles. Simultaneously, AP-2three reports reveal that AP-2, while essential for inter-
interacts with sorting signals in the cytoplasmic domainsnalization of transferrin, is not essential for internaliza-
of membrane proteins destined to become cargo intion of EGF. These novel data suggest the intriguing
the coated vesicles. Thus, AP-2 has a dual role, as a scaf-possibility that the major role of AP-2 is in cargo re-
fold protein for clathrin assembly and as a recruiter ofcruitment, and not in assembly of functionally active
a cargo.clathrin-coated pits.
Use of small interfering RNAs (siRNAs) to specifically
silence genes in mammalian cells has made it possible
Clathrin-coated vesicle formation at the plasma mem- to examine what happens to endocytosis when clathrin
brane is the initial step in the process of clathrin-medi- and AP-2 are not present. The reports by Motley et al.
ated endocytosis by which cells internalize receptors, (2003) and Hinrichsen et al. (2003) used siRNA in HeLa
transmembrane channels, transporters, and extracellu- cells to deplete the clathrin heavy chain. Concomitantly
lar ligands such as hormones, growth factors, and nutri- with depletion of the heavy chain, there was also reduc-
tion in cellular light chain concentration, indicating thatents. In nerve terminals, clathrin-mediated endocytosis
